In recent years we have been developing a meshing system which is aimed at eliminating the bottleneck represented by building meshes for real-world, complex turbomachinery configurations. This system is based on a rapid octree meshing technology which is then made conformal to the bodies present. The objective of this paper is to demonstrate that this class of mesh is not only very fast to produce but also fit-forpurpose in the sense that simulations generated with third-party commercial flow solvers like Fluent have the same accuracy as those performed on more conventional meshes. A range of standard examples and test cases will be presented.
Introduction
Mesh generation is a key pacing item in CFD and simulation in general and has been the subject of substantial research over many years. Several strands have emerged: structured multi-block, chimera, overset, fully unstructured and cut-Cartesian octree based meshes. A recent summary of this diversity can be found in Shontz [1] . Generally, the orthodoxy has been body-fitted meshes matched to explicit BREP geometry models (typically NURBS patches, edges and their associated bindings) but application to real-world, complex geometries remains a challenge and a bottleneck. However, a few publications, like Bussoletti et al [2] and Aftosmis et al [3] , have shown the potential advantages of cut-Cartesian, octree meshes in dealing with complex geometries -but the difficulty of managing the cut cells in the flow solver has been a barrier to widespread adoption. Combining this approach with a body-conformal paradigm holds out much promise as a way forward.
A series of papers, Dawes et al [4] [5] [6] [7] [8] [9] , describes work aimed at developing a mesh generator which can reliably produce meshes for geometries of essentially arbitrary complexity in an automated manner and fast enough to keep up with the pace of an engineering development program. Our goal is to be able to script the mesh generation within an automated workflowand forget it. This system is based on a rapid octree meshing technology which is then made conformal to the bodies present by a combination of shape insertion (mesh topology) and morphing (mesh optimisation) -together with the addition of near-wall layer mesh and interfaceconjugate zones (see sketch in Figure 1 ). Natural attributes of this class of meshing are, for example: 1:8 cell-volume transitions consequent on the inherent nature of an octree (albeit subsequently hybridised, polyhedralised and/or smoothed); localised mesh quality of the same class everywhere, independent of overall geometry complexity; and high-quality hexdominant off-body mesh, with possibilities for relatively straightforward flow-based mesh adaption.
With our approach, complex geometries can be reliably converted into meshes containing many millions of cells in a matter of tens of minutes on a modest cpu cluster. This geometry can be "dirty" in the sense that there can be small gaps in the stl or the stl may be locally folded or distorted -our approach simply meshes over the top of these imperfections. Although the meshing can be driven by a GUI we have specifically designed the system to be fully automatable and scriptable to be embedded within a workflow. Figure 2 shows a mesh for a cooled blade. However, the purpose of mesh generation is actually flow simulation, and the usefulness of any mesh and/or pre-processing approach can only be measured in terms of the quality of flow solution it enables.
The objective of this paper is to demonstrate that this class of body-conformal octree mesh (generated with our particular Boxer system as example) is not only very fast to produce, but also fit-for-purpose in the sense that simulations generated with third-party commercial flow solvers like Fluent have the same accuracy as those performed on more conventional meshes. A range of standard examples and test cases will be presented.
Test cases
Five test cases were selected as shown in Table 1 with their associated primary references. The first three are rather simple: an airfoil, a wing and a turbine blade. We have selected them as paradoxically they are more challenging for a mesh system such as ours in competition with an orthodox C-or O-mesh approach. The later cases introduce modest geometric complexity. We do not have access to any public domain experimental data for a geometry as complex as that shown in Figure 2 . In the following Sections each test case will be addressed in turn.
Case 1: RAE2822
This transonic airfoil, Cook et al [10] , has become a classic test case -both surface pressure and skin friction distributions are available. The test profile is shown in Figure 3 .
Fig.3: RAE2822 test profile
The key parameters used in the test selected are summarized in Table 2 below. We generated a mesh using Boxer resolving the flow down to Y+ ≤ 5 and extended sufficiently far from the airfoil. This mesh had ~0.9M cells in 3D (we cannot generate pure 2D meshes) containing the equivalent of around 250k cells in 2D section. A near-view and detail view of the mesh is shown in Figure 4 ; note the near-wall layer mesh. Simulations were performed using the well-known, industry-standard, flow solver Fluent run in second order accurate, density-based mode and with a standard k-ω turbulence model. The predicted results are compared with the experimental data in Figure 5 . The pressure coefficient match is very satisfactory; the skin friction is predicted a little high but satisfactorily. 
Case 2: ONERA M6 wing
This classic test case, the ONERA M6 swept transonic wing (Schmitt et al [11] ) was chosen for similar motives to the previous case: to demonstrate that our meshing system can support acceptable accuracy for very simple geometries which can already be easily meshed using conventional O-or C-mesh systems. The key aerodynamic parameters are shown in Table 2 below. A mesh containing ~9.5M cells was generated with Y+ ≤ 5 and very similar in form and character to that for the RAE2822 (see Figure 4 ) and so not repeated here for brevity. In this swept wing case neither the leading edge nor trailing edges of our mesh are axis-aligned providing a good test of the fidelity of the bodyconformal mesh export from our octree-based meshing system.
Simulations were again performed using Fluent run in second order accurate, density-based mode and with a standard k-ω turbulence model. The predicted surface pressure distributions are compared in Figure 6 with both the experimental data and predictions made using the WIND flow solver (as reported in Schmitt et al [11] ). The agreement of the current predictions with the other two data sets is very satisfactory with similar levels of agreement at each of the seven spanwise stations. Of particular note in this case is the resolution of the three-dimensional double shock structure over the central portion of the span. The next case is also a standard test case, this time a transonic turbine blade tested in cascade at the VKI and reported by Arts et al [12] . The key parameters are noted below in Table 3 .
1.12 Re 1.05 million Turbulence at inlet 4% Simulations were performed using Fluent run in second order accurate, density-based mode but this time using a realizable k-ε (with non-equilibrium wall function). Figure 8 shows a comparison of measured blade surface isentropic Mach numbers and heat transfer coefficient with predictions from the present Boxer/Fluent simulations and those obtained from CANARI and reported in Arts et al [12] . For isentropic Mach number the level of agreement is very good; for heat transfer coefficient, the agreement is less good on the suction side and certainly would benefit from a transition model being used in the simulations. There are no grounds to suspect mesh quality to be responsible for the discrepancy. Finally the "off-body" resolution is shown in Figure 9 via field plots of Mach number and total pressure ratio. The shock system and the wakes, supported on the adapted mesh, are crisply resolved and satisfactory.
Case 4: Rotating ribbed channel
The next case is a rotating ribbed channel reported by Rigby [13] . Figure 10 shows a schematic of the geometry and Table 4 the key parameters. A relatively fine mesh was generated using Boxer and is shown in Figure 11 ; the ribs were well resolved and wall layers used. The range of Y+ was 1-5. Simulations were performed using Fluent run in second order accurate, density-based mode and using a realizable k-ε (with non-equilibrium wall function).
Results are presented in terms of a normalised Nusselt number defined as: The agreement is generally good in the first leg but rather less so in the second leg due to difficulty in modeling the physics of the secondary flow structures in the 180° bend rather than due to mesh quality or resolution.
Case 5: Cut-back trailing edge
Finally we consider a cut-back trailing edge test case published by Martini & Schultz [14] and arising from an EU FP6 Programme of research into turbine cooling called AITEB. An overview of the geometry is given in Figure 15 showing the test configuration and the CAD model used to generate the mesh. Two meshes were generated using Boxer containing 1M and 6M cells and similar to the mesh shown below in Figure 20 . Simulations were performed using Fluent run in second order accurate, density-based mode and using a realizable k-ε (with non-equilibrium wall function).
Results, on the coarser 1M cell mesh and for two blowing ratios, are shown in Figures 17 and 18 . Figure  17 shows the predicted spatial distribution of film cooling effectiveness on the test-plate. Figure18 compares the laterally averaged film cooling effectiveness with the measurements of Martini & Schultz [14] ; the agreement is rather poor. This poor level of agreement between steady RANS simulations and measurement was also noted by Martini et al [14] . Figure 20 shows some of their simulations with CFX Tascflow (using k-ω) on a structured multi-block mesh. As Martini et al [14] noted the most likely explanation for this systematic discrepancy is that the real flow is unsteady (driven by the instability of the shear layer) and simply not capable of being modeled by any steady RANS turbulence model. Accordingly they performed LES simulations and the time averaged data was in very much better agreement with measurement.
To perform LES simulations is beyond the scope of this paper but a relevant question is whether our particular mesh type is LES-friendly in terms of mesh quality. LES was successfully performed by Tucker el al [15] on a similar geometric configuration with the mesh shown in Figure 16 ; Figure 21 reproduces the instantaneous temperature field and associated streamlines -the large scale unsteadiness is apparent. 
Concluding Remarks
Hybridized octree meshes of the class produced by our Boxer software are extremely quick to produce, tolerant of dirty geometry and capable of automatically handling very complex geometries.
The objective of this paper was to show that this class of mesh is also perfectly capable of supporting good quality flow simulations using a commoditized, commercial, off-the-shelf code. This objective has been achieved and demonstrated via a series of public domain test cases. Where there were discrepancies between measurement and simulation this was consistent with well-known and often reported deficiencies in the physical modeling deployed -not due to the meshing itself.
